Abstract: Water-soluble metal working fluids are used for processing of aluminum alloy materials. This short article describes properties of new additives in water-soluble metal working fluids for aluminum alloy materials. Many half esters or diesters were prepared from the reactions of higher alcohols with acid anhydrides. Interestingly, diesters of PTMG (tetrahydrofuran oligomer, MW = 650 and 1000) and polybutylene oxide (MW = 650) with maleic anhydride and succinic anhydride showed both of an excellent anti-corrosion property for aluminum alloy and a good hard water tolerance. The industrial soluble type processing oils including these additives also showed anti-corrosion property and hard water tolerance.
INTRODUCTION
A variety of water-soluble metal working fluids are widely used for the processing of aluminum alloy materials similarly to the case of iron materials. It is well known that higher fatty acids such as oleic acid, ricinoleic acid and ricinoleic acid oligomers are used as one of the components of water soluble metal working fluids. Alkanolamines such as triethanolamine or diethanolamine are used to dissolve acidic ingredients into water, to increase anti-microbial activity of the fluids, and for other purposes. The long use of these fluids is apt to produce precipitates (for example, calcium salts of fatty acids) owing to calcium ion in hard water as well as heavy metals in aluminum alloy materials. Some patents on corrosion inhibitor in metal working and cutting of aluminum alloy materials are known. For example, a mixture of palm oil and oleic acid 1) , ionic lithium compounds 2) , a polyalkyl{(N-aminoalkyl) iminoalkyl}-siloxane 3) , organic phosphonic esters 4) , organic phosphoric esters 4) , a mixture of castor oil phosphoric esters 5) , and many others are made public. Usually, these commercial water-soluble metal working fluids consist of many components, however the detailed compositions of these fluids have not been known. The additives which possess both an anti-corrosion property for aluminum and a good hard water tolerance have not been reported up to now. The present authors have been engaged in the syntheses of water-soluble metal working fluids additives and have published some patents [6] [7] [8] and some papers 9) on this subject. In this short article the authors describe the evaluations of some esters of higher alcohols with acid anhydrides as an aluminum corrosion inhibitor accompanying a good hard water tolerance.
EXPERIMENTAL

1
Abbreviations of raw materials used in this work and, in some cases, their sources are shown below. For polymer samples, the abbreviations are accompanied by numerals which indicate the average molecular weights of the polymer. appeared. It is suggested that the product is nearly pure diester (IV) (yield 83 g, quantitative yield). The crude product was used for the test of metal working fluids additives without refining. This product (1.0 g) was chromatographed by short path column packed with silica gel using toluene as a solvent to give 0.65 g of compound (IV). This substance was identified to be the diester (IV) from the following spectral data: IR (cm Other monoesters and diesters were prepared by the reactions of each dibasic acid anhydride with each higher alcohol in a similar way, and they were also identified by IR, NMR and other indices. The products with maleic anhydride are listed in , and those with succinic anhydride, phthalic anhydride and hexahydrophthalic anhydride are shown in . 
Scheme 2 Monoester (III).
Scheme 3 Diester (IV).
ethanolamine into deionized water (94.5 g). This solution corresponds to the 0.50 solution of the test materials. The pH of these test solutions was adjusted at 9.0 0.2 by adding boric acid or sodium hydroxide solution. Similarly, sample solutions were prepared with city water (Shiga, Japan; hardness 30).
Anti-corrosion test of aluminum pieces
Size of test piece of aluminum alloy (ADC-12) 10 ) is 6 cm 3 cm 0.5 cm. The test piece was washed with acetone, polished with emery paper (# 240), and washed with acetone again, and then, was immersed 3 cm depth in each sample solution (50 cm 3 ). After keeping for 24 h at 30 , the change of color on an aluminum piece surface was checked by visual observation. The corrosion-inhibiting effect was 
Hard water tolerance test
The test solutions were maintained at 30 . After 24 h, the presence of precipitates was observed with eyes. The effect of the additives on the hard water tolerance was evaluated according to the following indexing.
No precipitates were observed. A little precipitates were observed. Semitransparent Many sediments were observed. This test is a convenient method for the practical use in a factory, and would be sufficient to check the hard water tolerance of the test solution, although more quantitative analysis of precipitate formation such as turbidimetry may be available.
RESULTS AND DISCUSSION
Aluminum materials are apt to become blackish due to the corrosion of their surfaces. It is well known that sodium metasilicate is effective as corrosion inhibitor of aluminum materials 11) . However, the long-term safe keeping of the fluids containing sodium metasilicate is difficult because of the precipitate formation of inorganic compounds. Various higher fatty acids are commonly used as a component of water-soluble cutting fluids. Higher fatty acids have also anti-corrosion property for aluminum, but they have the following fault, just like the case of metasilicate. When these fluids containing higher fatty acids are diluted with hard-water and used for long hours, precipitates such as calcium salts of fatty acids are apt to form in coolant tank. This kind of precipitate formation becomes a serious problem in the storage and usage of metal cutting fluids, even though their quality is improved by the use of appropriate additives. Thus, in the present work, we concerned with the preparation of new additives in cutting fluids for aluminum alloy materials, which have both an anticorrosion property and a hard water tolerance, i.e., no precipitate formation.
The present authors have reported that the water-soluble metal working fluids containing half esters of dodecanedioic acid have excellent anti-corrosion properties for aluminum and iron 8) . It may safely be said that calcium salts of lower carboxylic acids are soluble in water. The present research was performed based on the idea that the replacement of one or two hydroxyl group in higher alcohols with lower carboxylic acid such as maleic anhydride may improve both the anti-corrosion performance for aluminum alloy and the hard water tolerance. Thus, a variety of half esters and diesters were prepared by the reactions of various hydroxyl compounds with some acid anhydrides. In addition, the evaluations of these esters as the additives for water-soluble metal working fluids of aluminum were performed.
The esters prepared in this work are listed in and . Anticorrosion performance for an aluminum alloy material was measured for each sample fluid containing various additives (0.5 w/w) as mentioned in Experimental Part. Sample fluids containing adducts, MA esters (Entry Nos. 2, 4, 8, 9 ) showed good hard water tolerance. In these cases, no precipitates were recognized in their diluted solutions ( and ) . Judging from the above results, it may be concluded that maleic acid diesters (IV) of PTMG 650 and PTMG 1000 (Nos. 
CONCLUSION
The diesters of PTMG (650 and 1000) and PBO (650) with maleic anhydride and diester of PTMG (650) with succinic anhydride showed both anti-corrosion property for aluminum alloy materials and hard water tolerance.
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1. Sakashita, S.; Nakayama, T. Japan Patent Publication Anti-corrosion test for aluminum after 24 hr
Hard water tolerance after 24 hr The same results were obtained in all tests regardless of the quality of water, deionized water, city water, and deionized water containing 100 ppm Ca ++ ion.
Constituents
Compositions of the samples 1 3, wt % Anti-corrosion test of aluminum after 24 hr
Hard water tolerance after 24 hr 1,3-Bis(aminomethyl)cyclohexene
